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Abstract 
 
         The objective of this study was to investigate the effect of different salt  
 
level on camel milk cheese. The cheese was made from camel milk, using  
 
Camifloc enzymes as a coagulant with different levels of salt (0.0, 0.5, 1.0 %  
 
salt). Then the resulted cheese was stored for 4 days at refrigerator.  
  
The cheese yield was estimated as 10.3 %, moreover there were significant  
 
(P<0.05) differences of the cheese treated with different levels of salt.in pH,  
 
acidity, total solids content and fat content. On the other hand, there were no  
 
significant (P>0.05) differences in total proteins and ash percentages and no  
 
significant (P>0.05) differences in total bacterial, coliform, yeast and  
 
mouldt, and psychrotropic counts. However, there were significant (P<0.05)  
 
differences during the storage period. 
 
Sensory evaluation conducted showed that, the cheese made from camel  
 
milk containing 1.0% salt was more acceptable than cheese containing 0.5%  
 
salt, which was moderately acceptable, and the least one was the unsalted  
 
cheese.  
        
It was concluded that cheese made from camel milk could possibly be  
 
accepted by the consumers in Sudan, provided that suitable salt    
 
concentration (1.0%). 
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  ﻼﺻﻪ اﻻﻃﺮوﺣﺔﺧ
  
  .   ﻣﺴﺘﻮﻳﺎت ﻣﺨﺘﻠﻔﻪ ﻣﻦ اﻟﻤﻠﺢ ﻋﻠﻲ ﺟﺒﻨﻪ اﻻﺑﻞﻌﺮﻓﻪ اﻻﺛﺮ اﻟﻨﺎﺗﺞ ﻣﻦ اﺳﺘﺨﺪامﺗﻬﺪ ف هﺬﻩ اﻟﺪراﺳﻪ اﻟﻲ ﻣ
 
  ﻤﺖ ﻣﻌﺎﻣﻠﻪ اﻟﺠﺒﻨﻪﺗﻢ ﺗﺤﻀﻴﺮاﻟﺠﺒﻨﻪ ﻣﻦ ﻟﺒﻦ اﻻﺑﻞ ﺑﺎﺳﺘﺨﺪام اﻧﺰﻳﻢ اﻟﻜﺎﻣﻴﻔﻠﻮك ﻓﻲ ﻋﻤﻠﻴﻪ اﻟﺘﺠﺒﻦ وﺗ
 
ﺗﻢ ﺗﺨﺰﻳﻦ اﻟﺠﺒﻨﻪ ﻟﻤﺪﻩ ارﺑﻌﻪ اﻳﺎم % (   0.1 و% % -5.00.0)اﻟﻨﺎﺗﺠﻪ ﺑﻤﺴﺘﻮﻳﺎت ﻣﺨﺘﻠﻔﻪ ﻣﻦ اﻟﻤﻠﺢ 
  .             ﻓﻲ اﻟﺜﻼﺟﻪ
  . ﻣﻦ اﻟﻜﻤﻴﻪ اﻟﻤﺼﻨﻌﻪ% 3.01 ﺑﻠﻐﺖ ﻧﺴﺒﻪ اﻟﻨﺎﺗﺞ اﻟﻜﻠﻲ او ﺻﺎﻓﻲ اﻟﺠﺒﻨﻪ
 
  ﻣﻦ اﻟﻤﻠﺢ ﻓﻲ آﻞ ﻣﻦ اﻻس )ﻪ ﻓﻲ اﻟﺠﺒﻨﻪ اﻟﻤﻌﺎﻣﻠﻪ ﺑﻤﺴﺘﻮﻳﺎت ﻣﺨﺘﻠﻔ)50.0<P(وﺟﺪت ﻓﺮوق ﻣﻌﻨﻮﻳﻪ 
 
 .                                  اﻟﻬﻴﺪورﺟﻴﻨﻲ و درﺟﻪ اﻟﺤﻤﻮﺿﻪ وﻧﺴﺒﻪ اﻟﺠﻮاﻣﺪ اﻟﻠﺒﻨﻴﻪ اﻟﻜﻠﻴﻪ وﻧﺴﺒﻪ اﻟﺪهﻦ
 
 ﻓﻲ آﻞ ﻣﻦ ﻧﺴﺒﻪ اﻟﺒﺮوﺗﻴﻦ واﻟﺮﻣﺎد .)50.0>p(وﻋﻠﻲ اﻟﺼﻌﻴﺪ اﻻﺧﺮ ﻟﻢ ﻳﺘﻢ رﺻﺪ ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ 
 
  - اﻋﺪاد ﺑﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮن-ﻓﻲ اﻟﻌﺪد اﻟﻜﻠﻲ ﻟﻠﺒﻜﺘﺮﻳﺎ )50.0>p(   وآﺬﻟﻚ ﻋﺪﻣﺖ وﺟﻮد ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﻪ
 
اﻋﺪاد اﻟﺨﻤﺎﺋﺮ واﻟﻔﻄﺮﻳﺎت واﻋﺪاد اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﺤﺒﻪ ﻟﻠﺒﺮودﻩ ﺑﺎﻟﺮﻏﻢ ﻣﻦ وﺟﻮد اﺧﺘﻼﻓﺎت ﻣﻌﻨﻮﻳﻪ 
 )50.0<P(
 
 . اﺛﻨﺎء ﻓﺘﺮﻩ اﻟﺘﺨﺰﻳﻦ
 
 ﻣﻠﺢ ﻗﺪ ﺣﻈﻴﺖ %1اﺛﺒﺘﺖ ﻧﺘﺎﺋﺞ اﻟﺘﻘﻴﻴﻢ اﻟﺤﺴﻲ اﻟﺘﻲ ﺗﻢ اﺟﺮاؤهﺎ ان ﺟﺒﻨﻪ اﻻﺑﻞ اﻟﻤﻀﺎف ﻟﻬﺎ 
 
 ﻣﻠﺢ وهﻲ ﻣﺘﻮﺳﻄﻪ اﻟﻘﺒﻮل واﻟﺠﺒﻨﻪ اﻟﺨﺎﻟﻴﻪ ﻣﻦ اﻟﻤﻠﺢ %5.0ﺒﻮل اآﺒﺮ ﻣﻦ ﺗﻠﻚ اﻟﻤﺤﺘﻮﻳﻪ ﻋﻠﻲ ﺑﻘ
 
  .                                                                           ﻟﻢ ﺗﺠﺪ ﻗﺒﻮﻻ ﻣﻦ ﻗﺒﻞ اﻟﺬواﻗﻴﻦ
 
 ﻟﻤﺴﺘﻬﺘﻜﻴﻦ ﻓﻲ ﺧﻠﺼﺖ اﻟﺪراﺳﻪ اﻟﻲ اﻧﻪ ﺑﺎﻻﻣﻜﺎن ﻗﺒﻮل اﻟﺠﺒﻨﻪ اﻟﻤﺼﻨﻌﻪ ﻣﻦ ﻟﺒﻦ اﻻﺑﻞ ﻟﺪي ا
 
    .اﻟﺴﻮدان ﺷﺮﻳﻄﻪ اﺿﺎﻓﻪ ﺗﺮآﻴﺰ ﻣﻨﺎﺳﺐ ﻣﻦ اﻟﻤﻠﺢ
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   Chapter one 
Introduction 
Cheese is the generic name for a group of fermented milk based food 
products, produced in a great range of flavours and forms throughout the 
world (Fox, 1993). Cheese is made in almost every country of the world and 
there exist more than 2000 varieties. Despite the large number of varieties, 
cheese may be classified into different group i.e. ripened and unripened 
cheese, cheese with low or high fat content and cheese with soft or hard 
consistency (O’Connor, 1993). He added that unprocessed milk held at high 
ambient temperatures has shelf life from 2-3 hours up to 24 hours. Cheese 
however has shelf life from 4-5 days up to five years depending on the variety. 
Approximately, one third of the world's milk production is used in cheese 
manufacture and cheese is highly nutritious food, which is convenient and 
versatile and offers a diversity of flavours and textures (Farkye, 2004). 
Moreover, cheeses provide an ideal vehicle for preserving the valuable 
nutrients in milk and making them available throughout the year (O’Connor, 
1993). Cheese is an excellent source of protein, fat, minerals, vitamins and 
essential amino acid. 
Making cheese from camel milk is very difficult and complicated due to 
longer coagulation time and weak coagulum (Mohamed, 1990).  
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Colonies of the culture organisms taken from camel milk were found to 
be smaller than those from cow milk, possibly indicating the presence of 
growth inhibiting factors in camel milk (Gran et al., 1991). Making cheese is 
away to preserve milk, creating the potential for trade (Inayat et al., 2003). 
Camel cheese has other advantage as well, since it is high in vitamins, low in 
cholesterol, and low in lactose, making it suitable for people who are allergic 
for other dairy products (Abeiderrahmane, 2001). The difficulty in making 
cheese in Sahara most probably refers to the technique which is being used 
(Gast et al., 1969). This is apparent as the addition of the peptic enzyme that is 
collected from rabbit stomach or from abomasums of young goats, to camel 
milk causes the formation of coagulum, which is soft like cotton wool (Gast et 
al., 1969). 
Camels represent the back bone in the economical live of abbala (camel 
herders) in Sudan, either by selling male camels in local markets or by 
exportation. Moreover, the recent awareness of the medicinal value of camel 
milk, give way to more commercially oriented attitude by abbala in Khartoum 
State (Sheuip and El Zubeir, 2008). However the milk which produced by 
those abbala is not processed into products, Hence this study is aimed to: 
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1. Determine the effect of the Camifloc enzymes in curdling camel milk.  
2. Estimate the effect of level of salt on the physico-chemical and 
microbiological properties of such cheese. 
3. Evaluate the sensory characteristics of the camel milk for acceptability 
purposes. 
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Chapter Two 
Literature Review 
2.1 Camel milk and its uses 
As milk from the lactating camel provide nourishment for her newborn 
as well as for human, not a great deal will be left for milk product (Dhal and 
Hjort, 1976). Moreover, they added that the composition of camel milk does 
allow for making some of the accepted products that are made from cow, 
sheep and goat milk. Nevertheless, milk products are made from camel milk, 
and the milk itself is used for purposes other than simply nutrition.  
Variety of food can be preserved by lactic acid fermentation (Ahmed et 
al., 2002). Also it is the most widely used acidification process to coagulate 
milk during the manufacture of cultured dairy products (Attia et al., 2001). 
They mentioned that this process leading to lower pH and altering the casein 
micelles that progressively lose their surface potential minerals, casein and 
solvents, leading to coagulum formation. 
2.2 Fermented milk products 
Fermented products of camel’s milk vary according to the method of 
processing (Yagil, 1982). Generally, the preparations of fermented milk 
consist of heating milk to the boiling point to kill unwanted bacteria (Wernery, 
2003). Subsequently, the milk must be cooled to the body temperature, and 
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then small quantity of previously fermented milk is added that will work as 
starter (Yagil, 1982). 
2.3 Medicinal properties 
Rao et al. (1970) reported that in India camel milk is used for therapy 
against dropsy, jaundice, problems of spleen, tuberculosis, asthma, and piles. 
Patients with chronic hepatitis had improved liver function after treatment 
with camel milk (Sharmanov et al., 1978).  
Rao et al. (1970) found that the camel milk works as a laxative on 
people unaccustomed to drinking this milk. Apparently, stomach upsets only 
occurred when the milk is drunk while still warm. Moreover, Gast et al. 
(1969) showed that camel milk is given to the sick, the elderly and the very 
young because of the belief that it is not only healthier, but works especially 
well in bone formation. This is said to be true only for camels that eat certain 
shrubs and bushes. The shrubs and bushes are themselves, used in the 
preparation of medicine (Yagil 1982). 
Recent research (Farah and Farah-Riesen, 1985; Jardali, 1988; 
Mohamed et al., 1990; Farah, 1993; and Larsson-  Raznikiewicz, 1994)                                
has shown that the kappa casein representing the micelles fraction which 
reacts with the clotting enzyme, has different electro-phortic from cows milk, 
which causes lower electrophori mobility, this unusual behavior indicates very 
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specific casein micelle composition characterized by low proportion of kappa 
casein.   
A recent report from Morocco (Benkerroum et al., 2003), indicated that 
higher levels of total aerobic count, enterococci, fecal coliforms and 
Staphylococcus aureus were detected in raw camel milk and this suggests the 
potential hazard associated with consumption of raw camel milk. According to 
Shuiep et al. (2007) mentioned that the poor hygienic quality of camel milk 
obtained during the present study indicated the lower standard of management 
practices by camel owners. This necessitate the increase of awareness of 
camel herders on the production of hygienic milk as reported by Wang;ang,a 
(2002).  
Wernery (2003) reported that camel milk contains insulin and therefore 
it can be used to control diabetes mellitus. Moreover, Agrwal et al. (2005) 
cited that camel milk as an adjunct insulin therapy appear to be safe and 
efficacious in improving long term glycemia as it control and help in reduction 
of the doses of insulin in patient with type 1 diabetes.    
2.4 preparation of cheese from camel milk 
2.4.1 Cheese making 
Reports of possibility making cheese from camel milk are rare and often 
contradictory. Some authors (Wilson, 1984; Farah and Backmann, 1987; 
Yagil, 1987; Mehaia et al., 1988; Mehaia, 1992; Mohamed et al., 1990; 
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Ramet, 1987; Ramet, 2001) reported that addition of calcium chloride and 
rennet to camel milk caused a clotting reaction and forming soft light 
coagulum. Whereas others (Gast et al., 1969) stated that camel milk alone can 
be coagulated with rennet, Rao et al. (1970) and Yagil (1982) reported that 
cheese can be successfully produced from camel milk, but only after mixing it 
with milk of other species (goats, ewes, or buffalos). 
Making hard cheese from camel milk was successful when whey culture 
was included (Mohamed et al., 1990 and Mehaia, 1993a). These attempts 
increased the hardness of curd and reduced the clotting time. The 
characteristics of the hard cheese (e.g. texture and hardness) were similar to 
those of Grana cheese made from cow milk. They found that more than 50% 
of the milk fat was retained in the whey, which was white in color. Mehaia 
(1996; 2002) reported that manufacturing cheese from camel milk can be 
improved using ultrafilteration technique. Abeiderrahmane (2001) reported 
that it is very difficult to get camels milk to curdle, moreover pasteurizing the 
milk at just the right temperature is essential as if it is slightly too low, the 
bacteria remains and if too high, the milk will not curdle. Also little or too 
much salt has precisely the same effect. 
El Zubeir and Jabreel (2008) suggested that the level of salting should 
be reduced when adding calcium chloride, or further drying and storage of 
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cheese should be done as some of the panelists, reported that  the level of 
salting is more than they like.   
Inayat et al. (2003) studied the effect of processing on the chemical 
quality of soft unripened camel milk cheese. As a consequence of processing 
treatment during manufacturing of soft unripened cheese, the concentration of 
fat, ash and chloride of skimmed milk were slightly decreased, while total 
protein and casein content were significantly increased.  
Ramet (2001) summarized the processing of milk based on laboratory 
experiment in Saudi Arabia. The result indicates that camel milk is not readily 
processed into cheese compared with milk from other dairy animals. These 
results are based mainly on its low total solids content, unique composition 
and casein properties. He concluded that its suitability for cheese making 
decreases significantly in hot season since camel milk production is influenced 
by water and feed availability. 
The transfer of camel milk cheese preparation technology to camel 
herders in the dry areas of Pakistan can help improve their economic condition 
by finding a proper market of camel milk cheese (Khan et al., 2004). 
2.4.2 Starter culture and yield 
Kamoun (1990) reported that the pressed cheese could be made from 
camel milk using conventional cheese making methodology, a mesophilic 
starter and calf rennet. Cheese yield from camel milk were satisfactory, but 
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not as high as those from cows’ milk. He added that organoleptic and visual 
properties were also satisfactory this indicated the possibility of the 
development of small scale camel milk cheese industry. 
Mehaia (1993a) and Mehaia (1994) characterized the features of 
manufacturing procedures and composition of fresh soft white cheese 
(Domiati type) from camel milk using different percentage of fat and salt and 
two types of lactic starter culture. The average cheese yield obtained from 
camel milk (12.29%) was lower than that form cow milk. Mehaia (1993a) 
reported that the cheese made from milk (1.5% fat and 3% salt) with lactic 
starter culture were the most acceptable, whereas, the least acceptable cheeses 
were those made from whole milk (3.9% fat and zero or 1% salt).  Mehaia 
(1993b) studied Domiati cheese made from mixtures of camel and cow milk. 
The chemical composition of all cheeses was within the normal composition 
range for Domiati cheese made from cow milk. They also found that yield, 
component recovery and over all acceptability of cheeses were significantly 
improved by increasing the ratio of cow to camel milk in cheese. 
Khan et al. (2004) reported that cheese prepared from camel milk by 
direct acidification and by adding starter culture of lactic acid bacteria were 
evaluated. Milk coagulated by starter culture addition, gave higher cheese 
yield (13.22±4.487) compared to cheese prepared by direct acidification 
(11.70±2.345). The cheese prepared by using starter culture also had higher 
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amounts of total solids, protein and fat.  They concluded that cheese can be 
prepared from camel milk by coagulating milk with the use of starter culture. 
El Zubeir and Jabreel (2008) reported that Camifloc enzyme can be 
useful for making cheese from camel milk; especially if calcium chloride is 
added. 
Elagamy (2000) used camel new natal rennet (CCR) and buffalo calf 
rennet (BCR) prepared from dried abomasa to study their physicochemical 
properties and electrophoretic behavior and to carry out immunological 
characterization of the rennet proteins. He found that CCR are more 
thermostable than BCR and the milk clotting activity of both rennet increased 
as pH decreased. Moreover, the optimum temperatures for CCR and BCR 
were 50°C and 45°C respectively and CCR was more sensitive to increase of 
CaCl2 in milk than BCR. Addition of NaCl to milk in the range of 0-100 g/1 
resulted in a marked decrease in the clotting activity of both rennets. When the 
rennets were treated with acetone, the activity of BCR was completely 
destroyed, but that of CCR was unaffected. 
Ahmed and Kanwal (2004) reported that lactic acid bacteria (LAB) 
were isolated from camel milk by culturing the milk on specific media and 
pure culture was obtained by sub culturing. Purification of culture was 
confirmed by Gram’s staining and identified by different biochemical tests. 
Moreover the ability of each strain was tested to convert lactose of milk into 
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lactic acid. It was observed that 66% of lactose was converted by 
Streptococcus lactis 20, whereas S. cremoris 22 and L. acidophilus 23 
converted 65 and 74% lactose into lactic acid, respectively. However starter 
culture was prepared from strains isolated from camel milk. Camel and 
buffalo cheese was prepared by using starter culture. The strains isolated from 
camel milk were best for acid production and coagulated the milk. It’s 
concluded that cheese can be prepared successfully from camel milk and 
better results can be obtained by coagulating milk with starter culture.     
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Chapter three 
  Materials and Methods 
3.1 Materials 
3.1.1 Source of milk, Camifloc and salt 
Fresh camels’ milk was obtained from University of Sudan farm. 
Camifloc powder (Bio Serae Laboratories, Bram, France) was obtained from 
Ministry of Animal Resources. The salt commercial grade was brought from 
the local market.  
3.1.2 The media 
Plate count agar (No74065) was obtained from S.D Fine Chem LTD, 
India. MacConkey agar (International diagnostics group- B 06987) was 
obtained from International diagnostics group, UK. Yeast extract agar 
(Biomark -B 821) was obtained from Biomark laboratories, India 
3.2 Methods 
3.2.1 Cheese processing 
Milk was heated to 62º C for 15 minutes, and then the cheese was made 
according to the Camifloc manufacture’s instructions. One sachet was diluted 
into half glass of drinking water. The diluted Camifloc was added to 5 liter of 
camel milk at 32ºC. The curd developed in about one hour. After coagulation, 
the curd cut into one inch cube shapes and left for one hour. The curd was 
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placed in clean sterile cheese cloth and let to drain over night. Next day cheese 
was salted with three levels of commercial salt NaCl (1.0, 0.5, and 0.0%) and 
kept for 4 days. 
3.2.2 Analysis of cheese 
Chemical analysis and microbiological examination were carried out at 
the laboratory of the Department of Dairy Production, Faculty of Animal 
Production- University of Khartoum. 
3.2.2.1 Chemical analysis 
3.2.2.1.1 pH 
The pH values were measured using a pH-meter (Hanna Instrument-
model 98107) after calibration of the instrument. 
3.2.2.1.2 Titratable acidity 
Titratable acidity was determined according to the AOAC method 
(1990). Ten grams of cheese were weighed and placed into conical flask and 
distilled water at 40ºC was added until the volume in the flask was 105 ml. 
The sample was then vigorously agitated and filtered through filter paper. 
Then 25 milliliters of the filtrated were placed in a porcelain dish and five 
drops of phenolphthalein indicator were added. The sample was titrated 
against 0.1N NaOH until a faint pink color appeared. 
The acidity as lactic acid was calculated as follows; 
Acidity % = T × 4 /w 
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T = titration value 
W = weight of sample 
3.2.2.1.3 Total solids content 
The total solids were determined according to the methods of the 
AOAC (1990). Two grams of cheese sample were weighed and placed in a 
clean dried aluminum dish and heated on steam bath at 37º C for 10 – 15 
minutes. The dishes were then heated in an oven at 103± 2º C for three hours. 
Then cooled in desecrator and weighted quickly until they reached constant 
weight. The total solids content was calculated as follow; 
T.S % = W1 / W ×100 
W1 = Weight of sample after drying 
W = Weight of sample before drying 
3.2.2.1.4 Ash content  
The ash content was determined according to the method of the AOAC 
(1990). Two grams of cheese were weighed in suitable crucible and 
evaporated to dryness on steam bath. Then the sample was placed in muffle 
furnace (550ºC) for three hours, cooled in dissector and re weighed. The ash 
content was calculated using the following equation: 
Ash% =w1/w×100  
W1=weight of ash residue 
W=weigh of sample 
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3.2.2.1.5 Fat content 
The fat content was determined by Gerber’s method according to the 
AOAC method (1990). In a clean dry cheese Gerber tube, ten ml of sulfuric 
acid (90 % concentration) were poured, and then 3 grams of cheese sample 
were added. Amyl alcohol (1 ml) was added to the mixture followed by 
addition of distilled water. The contents were thoroughly mixed till no white 
particles could be seen. The Gerber tube was centrifuged at 1100 revolution 
per minute for five minutes and the tubes were then transferred to a water bath 
adjusted at 65ºC for three minutes. The separated fat percentage was then 
immediately read as percentage. 
3.2.2.1.6 Protein content: 
The Protein content of was determined by the Kjeldahl method (AOAC, 
1990). Three grams of cheese and two Kjeldahl tablets were put into Kjeldahl 
flask, and 25 ml of concentrated sulfuric acid (density of 1.86 gm/ml at 20ºC) 
were added to the flask. The mixture was then digested on heater until a clean 
solution was obtained (2- 3 hours), the flasks were removed and left to cool. 
The digested sample was poured into volumetric flask (100 ml) and diluted to 
100 ml with distilled water. Then 5 liter from dilution was to Kjeldahl flask 
and poured 10ml of NaOH. The  received in conical flask containing 25 ml of 
4% boric acid plus three drops of indicator (bromo cresol green + methyl red). 
The distillation was continued until the volume in the flask was 75 ml, then 
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the flask was removed from distillator. The distillate was then titrated against 
0.1 HCl until the end point (red color) was obtained. 
Protein content was calculated as follows: 
           Nitrogen (%) = T×0.1×0.014×20 /W×100 
           Protein (%) = Nitrogen (%)×6.38 
T: titration figure  
0.1=Normality of HCl 
0. 014=Atomic weight of nitrogen  
20 = dilutions 
3.3. Microbiological examination 
The samples were examined for total bacterial count, yeast and mould 
count, coliform count and psychotropic counts. 
3.3.1 Sterilization of equipment 
Sterilization was done according to Marshall (1992). The glass ware 
such as Petri dishes, test tubes, flasks, pipettes and bottles were sterilized in an 
oven at 170ºC for two hours. Media, mixer, distilled water, and tips were 
sterilized by autoclaving for 15 minutes at 121ºC 
3.3.2 Preparation of media 
All media were obtained in powder form and they were prepared 
according to the manufactures instructions. 
3.3.3 Types of media 
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3.3.3.1 Plate count agar  
It was used for the total bacterial count and psychotropic counts. The 
medium was prepared by suspending 23.5 grams of powder in one liter of 
distilled water. Then boiled until dissolved completely and sterilized by 
autoclaving at 121ºC at 15 pound pressure for 15 minute. 
3.3.3.2 MacConkey agar  
        The medium was prepared by dissolving 52 grams of MacConkey agar in 
a liter of distilled water. It was boiled until dissolved completely and sterilized 
by autoclaving at 121ºC at 15 pound pressure for 15 minutes. 
3.3.3.3 Yeast extract agar  
The medium was obtained from Biomark laboratories, India. It is used 
for yeast and mould count. The medium was prepared by suspending 23 grams 
of powder in one liter of distilled water. It was boiled until dissolved 
completely and sterilized by autoclaving at 121ºC at 15 pound pressure for 15 
minutes. 
3.4 Preparation of cheese sample 
Ten grams of the cheese was added to 90 ml of warm sterile water and 
blended for two minutes, and then one ml of the sample was transferred with 
sterile one ml graduated pipette to nine ml sterile water in a test tube and 
mixed. Using another sterile pipette, one ml of the later was transferred into a 
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second dilution test tube. This process was repeated to make ten folds dilution 
from 10-1 to 10-10 (Marshall, 1992). 
Suitable dilution was used for determination of total bacterial count, 
yeast and moulds count, coliform count and psychotropic counts. The plates 
were inoculated in duplicates and left for two minutes to dry, and then were 
incubated at 32ºC for 24 hours for total bacterial count and at 37ºC for yeast 
and mould and coliform counts for 24 - 48 hours. However, psychotropic 
count was incubated at 4ºC for 7-10 days. Plates were examined and colonies 
were counted using a colony counter. 
3.5 Sensory evaluation 
Ten untrained panelists were asked to judge on the quality of the cheese 
using sensory evaluation sheet (Appendix 1). 
3.6 Statistical analysis 
Data were analyzed using SPSS program (Statistical Package for Social 
Science) using Complete Randomize Design (CRD). The analysis was carried 
out by (ANOVA) test and Dunken multiple ranges test to indicate the 
differences between means. Also chi- squire test was used to  
Analyze the sheet of panel test. 
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Chapter four 
Results 
4.1 Chemical and microbiological properties of camel milk 
 Before cheese making the milk samples were analyzed for their 
physico-chemical characteristics. The mean of parameters were: 6.5, 0.21%, 
9.9%, 0.97%, 3.4%, and 3.3% for pH, acidity, total solids, ash, fat and protein, 
respectively (Table 1). The microbiological examination of milk sample 
revealed 13.8, 10.6, 10.0, 10.6, for log total bacterial count, log coliform 
count, log mould and yeast, count and log psychotropic count, respectively 
(Table 1). 
4.2 Chemical and microbiological properties of whey 
 After cheese making, the whey of the cheeses were analyzed. The 
mean values of pH, acidity, total solids, ash, fat and protein were 5.4, 0.3%, 
3.3%, 0.9%, 0.4%, and 1.5%, respectively (Table 1). The microbiological 
examination of whey were found to be log 14.7, log 10.6, log10.9, and log 
10.2 for total count bacteria, coliform count, mould and yeast count and 
psychotropic count, respectively (Table 1). 
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 Table 1: Values mean of physico-chemical and microbiological properties of camel 
milk and whey separated from camel cheese     
        
 
 
 
 
 
 
Parameters Values mean of milk Values mean of whey 
pH 6.5 5.4 
Acidity % 0.21 0.3 
Total solids % 9.9 3.3 
Ash % 0.97 0.9 
Fat % 3.4 0.4 
Protein % 3.3 1.5 
Log total bacterial (cfu/ml) 13.8 14.7 
Log coliform count (cfu/ml 10.6 10.6 
Log yeast and mould cfu/ml) 10.0 10.9 
Log psychotropic (cfu/ml) 10.6 10.2 
 21
4.3 Chemical composition of camel cheese 
4.3.1 pH        
 The over all mean of pH for cheese was 5.83. There was significant 
differences (P<0.05) in pH between camel cheese with different levels of salt 
(0.0, 0.5, and 1% salt) as shown in Table 2. On other side there was significant 
differences (P<0.05) on cheese because of the storage period as shown in 
Table 3.  
4.3.2 Titratable acidity 
 Mean of acidity for all cheese made from camel milk was 1.03 %. 
From Table 2 it was observed that there was significant differences (P<0.05) 
between camel cheese with different level of salt. Similarly Table 3 showed 
significant variations of acidity of cheese due to storage period. 
4.3.3 Total solids content 
 The over all mean of total solids content of cheese made from camel  
 
milk was 35.72 %. Table 2 also showed significant differences (P<0.05) 
between camel cheeses made with three level of salt. However there was non 
significant differences (P>0.05) during storage period (Table 3). 
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Table 2: Effect of salt level on camel cheese physico-chemical properties 
 
 
 
 
 
Values in the same column bearing similar superscript letter are significantly different 
p<0.05) 
N.S = Non significant 
* = Significant (P<0.05) 
 
 
 
 
 
 
 
 
 
 
 
Level of salt in 
cheese 
pH Acidity  % Total 
solids % 
Ash % Fat % Protein % 
       
0.0 % 5.55a 0.93a 34.58a 1.69a 17.29b 15.29a 
0.5 % 5.93b 1.09b 35.93ab 1.69a 15.76a 15.39a 
1.0 % 6.00b 1.07b 36.64b 1.85a 15.96a 17.69a 
Overall mean 5.83* 1.03* 35.72* 1.74N.S 16.34* 16.12 N.S 
S.E ± 0.05 0.03 0.29 0.09 0.19 0.71 
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Table 3: Effect of the storage period on camel cheese physico-chemical properties 
 
 
 
 
 
Values in the same column bearing similar superscript letter are significantly different 
p<0.05) 
N.S = Non significant 
* = Significant (P<0.05) 
S.L = Significant level                 
 
 
 
 
 
 
 
 
 
Storage period 
(days) 
pH Acidity % Total 
solids %
Ash % Fat % Protein %
One 6.16c 0.93a 35.53a 1.56a 16.34a 16.92a 
Two 5.98bc 0.95a 35.68a 1.59a 16.84a 16.45a 
Three 5.74ab 1.02a 35.83a 1.89a 17.14a 16.16a 
Four 5.47a 1.23b 35.99a 1.93a 15.02b 14.97a 
S.L * * N.S N.S * N.S 
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4.3.4 Ash content 
 The mean of ash content of camel cheese was 1.74%, Table 2 showed 
non significant differences (P>0.05) between cheeses made from camel milk 
with three levels of salt (0% salt, 0.5% salt, 1% salt). Moreover storage period 
revealed non significant differences (P>0.05) on camel cheese as shown in 
Table 3. 
4.3.5 Fat content 
 The mean for camel cheese fat was 16.34%. Moreover the data 
revealed highly significant differences (P<0.01) between cheeses made with 
0% salt, 0.5% salt, 1% salt (Table 2). Also there was significant differences 
(P<0.05) in camel cheese due to the storage period (Table 3). 
4.3.6 Protein content 
 The over all mean of protein of camel cheese was 16.12%. The data 
presented in Table 2 and Table 3 showed non significant differences (P>0.05) 
between camel cheese made with different concentration of salt and stored to 
different storage period. 
4.4 Microbiology of camel cheese 
4.4.1 Total bacterial count 
 Mean of total bacterial count of camel cheeses was log 9.20 as shown 
in Table 4. Non significant differences (P>0.05) were obtained for camel 
cheese due to variation of salt levels. However, comparison of storage period 
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revealed significant differences (P<0.05) between cheeses made with different 
level of salt (Table 5). 
4.4.2 Coliform count 
 The over all mean of coliform count was log 5.98. Comparison of the 
coliform count of cheeses with different levels of salt revealed non significant 
differences (P>0.05) as shown in Table 4, while storage period was 
significantly (P<0.05) affected camel cheese as shown in Table 5. 
4.4.3 Yeast and mould count 
 The over all mean of camel cheese with different levels of salt was 
log 9.28. Table 4 showed non significant differences (P>0.05) among different 
levels of salt (0.0% salt, 0.5% salt and 1.0% salt). However there was 
significant differences (P<0.05) between them during the storage period as 
shown in Table 5. 
4.4.4 Psychrotropic count   
Value of camel cheese for psychrotropic bacterial count was log 7.22 however 
the present data revealed non significant difference (P>0.05) between 
concentration of salt and storage period as shown in Table 4 
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4.5 Sensory evaluation 
 Result of sensory evaluation of camel cheese with different levels of 
salt (0.0 %, 0.5% salt and 1.0% salt) showed that scores for flavor, taste, 
saltiness and over all acceptability were highly significantly different 
(P<0.001), while color and body revealed non significant differences 
(P>0.05).  
4.5.1 Color 
 Results of panel testes camel cheese color indicated that there was 
non significant differences (P>0.05) between camel cheeses with different 
level of salt (0.0% salt, 0.5% salt and 1.0% salt). The color was acceptable as 
shown in Table 6.   
4.5.2 Flavor 
 There was significant differences (P<0.001) in flavor between camel 
cheeses with different levels of salt. Camel cheeses with 1.0% salt received 
the highest flavor score compared to cheese containing 0.0 % and 0.5% salt 
(Table 6). 
4.5.3 Taste 
  Table 6 shows significant differences (P<0.001) among camel milk  
 
cheeses with different levels of salt. The most acceptable taste was in cheese  
 
with 1.0% salt compared to 0.5% salt, which was moderately acceptable,  
 
however the cheese containing no salt was the least in acceptability. 
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Table 4: Effect of level of salt on microbiological feature of camel milk  
Cheese 
 
 
Level of salt in 
cheese 
Log total 
bacterial count 
(cfu/mg) 
Log coliform 
count 
(cfu/mg) 
Log yeast 
count(cfu/mg) 
Log 
psychrophilic 
count (cfu/mg) 
0.0 % 9.07a 5.64 a 9.64 a 7.45 a 
0.5 % 9.07a 5.41 a 8.81 a 6.58 a 
1.0 % 9.43a 6.89 a  9.39 a 7.57 a 
Over all mean 9.20N.S 5.98 N.S 9.28 N.S 7.20 N.S 
S.E 0.19 0.47 0.24 0.46 
 
 
Values in the same column bearing similar superscript letter are significantly different 
p<0.05) 
N.S = Non significant 
* = Significant (P<0.05) 
S.E = Standard error  
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Table 5: The effect of storage period on microbiological properties of camel 
cheese quality 
  
 
Storage 
period 
Log total bacterial 
count (cfu\gm) 
Log coliform 
count 
(cfu\gm) 
Log yeast 
count 
(cfu\gm) 
Log 
psychrotropic 
(cfu\gm) 
SL 
Day 1 8.46a 4.21a 9.55 b 7.46 a * 
Day 2 9.13ab 8.48b 8.16a 7.o7a * 
Day 3 9.72b 6.58 ab 9.48b 6.51a * 
Day 4 9.49ab 4.59a 9.57b 7.81a NS 
 
 
Values in the same column bearing similar superscript letter are significantly different  
p<0.05) 
N.S = Non significant 
* = Significant (P<0.05) 
S.L =Significant Level 
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4.5.4 Texture 
 The data shown in Table 6 reflected non significant differences in 
texture (P>0.05) among camel cheeses with various levels of salt. 
4.5.5 Saltiness 
 Camel cheese containing 1.0% salt was the most desirable by the 
panelist, as it scored the highest value compared to the ones containing 0.5% 
and 0.0% salt (Table 6). 
4.5.6 Overall acceptability 
 The overall acceptability reflected significantly differences (P<0.001) 
among camel milk cheeses, whereas the cheese containing 1.0% salt was the 
most acceptable followed by the one containing 0.5% salt. It was obvious that 
camel milk cheese containing no salt was totally unacceptable to Sudanese 
consumers. 
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Table 6: Effect of salt level on acceptability scores given to camel milk 
cheese 
 
 
 
L.S = Level of Significant 
N.S =Non Significant (P>0.05) 
*** =Highly Significant 
 
 
 
 
 
 
 
 
 
 
 
Treatment Appearance Flavor Texture Body Saltiness Overall 
acceptability
0% salt 0.28 0.001 0.001 0.09 0.001 0.001 
0.5% salt 0.31 0.001 0.001 0.07 0.001 0.001 
1% salt 0.09 0.001 0.001 0.07 0.001 0.001 
L.S N.S *** *** N.S *** *** 
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Chapter five 
Discussion  
The present study is a trial to make cheese from camel milk using the 
special enzyme Camifloc that was produced by Bio-SERAE laboratories S.A. 
France and using different levels of salt concentration. El Zubeir and Jabreel 
(2008) reported that Camifloc enzyme was useful in processing camel cheese 
especially the addition of calcium chloride. They added that the enzyme is 
recommended by FAO and it can be useful for field demonstration in order 
that the camel owners could preserve their milk as cheese. It was reported that 
it was difficult to coagulate camel milk with most of the clotting enzymes used 
due to the inhibition of clotting activity, which was related to the origin of the 
enzymes (Ramet, 2001). Similarly making cheese from camel milk is difficult 
and complicated, due to longer coagulation time and weak coagulum 
(Mohamed, 1990). Moreover, conventional methods of cheese making failed 
with camel milk as a result of peculiarities in protein (Farah and Fisher, 2004). 
The milk clotting activity increased as pH decreased that is in agreement with 
(Elagamy 2000). However the optimum temperature for Camifloc enzyme was 
32oC; as was indicated in the leaflets supplied with Camifloc enzyme; while 
the optimum temperature for buffalo calf rennet were 50 and 45ºC (Elagamy, 
2000). The cheese yield obtained using camel milk in the present study was 
reported as 10.3% which was similar to the finding of Mehaia (1993a) who 
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obtained 10.5-11.5%; yet, it was lower compared with using the mixture of 
camel and cow milk (19.0-19.2%) reported by Mehaia (1993b). On the other 
hand, Khan et al. (2004) found that the yield of camel milk cheese with starter 
culture was 13.22± 4.487% compared with cheese prepared by direct 
acidification which yielded 11.70± 2.345%, Moreover El Zubeir and Jabreel 
(2008) obtained higher yield (11.3%) using Camifloc enzymes and calcium 
chloride, however, the camel cheese made with out addition of calcium 
chloride was 10.2%. The latter workers concluded that addition of calcium 
chloride improved the manufacturing of cheese from camel milk. The low 
yield of the present study may have been caused by high ambient temperature 
which affected dry mater intake and this reduced the total solids in milk which 
it was the main factor in cheese processing. Moreover Abou-donia (1989) 
reported that factors such as milk composition, addition of salt, pasteurization 
of milk, milk concentration and addition of starter culture affect the yield. 
During this study variation in chemical component of camel cheese was 
observed (Table 2). The low pH increased acidity, and also there was decrease 
in fat content and total solids content during storage period.  
The data indicated that there was a ratio of milk total solids retained in 
the whey which was white in color; this result was in agreement with that of 
Mehaia (1993a). Other wise the total protein and ash content were not altered 
during storage period.  
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The present data showed higher bacterial counts in camel milk. It was in 
account to Semereab and Molla (2003); Khedid et al. (2003) and Sheuip et al. 
(2007). Higher bacterial count indicated low quality of milk used (Table 1). 
However, the cheese showed lower bacterial counts compared to that 
estimated in milk (Tables 1, 4 and 5). This might indicate that either the 
temperature of heating the milk is not enough to eradicate all bacteria 
especially coliform or the lower initial bacteria survive in cheese increased in 
number during cheese storage, which suggested that the hygiene of milk 
during both production and processing is necessary. The present experiment 
revealed that the suitable salt concentration in camel cheese coagulated with 
Camifloc was 1.0%, as it gives good keeping quality. I suggest that effect due 
to concentration of pH and salt, these factor inhibit or reduce the growth of 
most of bacteria and spoilage the yeast and moulds. 
In sensory evaluation the flavor, taste, saltiness and overall acceptability 
of cheese were affected by addition of salt (Table 6). Moreover, according to 
the panelists the most acceptable cheese is that with 1.0% salt, followed by 
0.5% salt. However the least acceptable was 0% salt also the later one 
deteriorated and became bitter at day three, however, the one containing 1.0% 
salt is maintained shelf life throw out 4 days. This supported the 
recommendation of FAO (2001) for the camel cheese manufacturing. 
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Chapter six 
 
Conclusions and recommendations 
6.1 Conclusions 
           The present study concluded that there was a possibility of making 
cheese from camel milk. However lower yield was obtained compared with 
other species milk. Significant increase in acidity against decrease in pH, 
decrease fat and total solids, and the non changes of protein and ash content 
were observed. The high protein content of the whey could be tried to be 
processed into other dairy products. 
Based on the data presented the best cheese desirable as selected by the 
panelists was the one containing 1.0% salt. However, the hygienic of the 
camel milk should be improved. 
 
6.2 Recommendation 
 
This study recommended that: 
1. Preservation of camel milk during rainy season so as to use it in scarcity 
period by making cheese of longer shelf life. 
2. Encourage usage of cheese in diet as the source of protein to the children in 
areas where the camel is the only domestic animal. 
3. Improvement of the hygienic quality of camel milk. 
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4. Enhancement of milk processing technology to improve shelf life of camel 
milk product. 
5. Some spices should be tried to improve shelf life and acceptability of camel 
milk products. 
6. Further research is needed to improve the technique of cheese processing 
and utilization of the whey as it is nutritious diet.          
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